Rat liver 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase. Properties of phospho- and dephospho- forms and of two mutants in which Ser32 has been changed by site-directed mutagenesis.
The mechanism by which cAMP-dependent protein kinase-catalyzed phosphorylation modulates the activities of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase was examined after site-specific mutation of the cAMP-dependent phosphorylation site (Ser32) to aspartic acid or alanine. The mutant and wild-type enzymes were overexpressed in Escherichia coli in a rich medium to levels as high as 30 mg/liter and were then purified to homogeneity. The kinetic properties of the Ser32-Ala mutant were identical with the dephosphorylated wild-type bifunctional enzyme. Mutation of Ser32 to aspartic acid mimicked several effects of cAMP-dependent phosphorylation: there was an increase in the Km for fructose 6-phosphate for 6-phosphofructo-2-kinase and an increase in the maximal velocity of fructose-2,6-bisphosphatase. Fructose-2,6-bisphosphatase activity of the Ser32-Asp mutant was 75% that of the phosphorylated wild-type enzyme, the mutant's kinase reaction had an identical dependence on fructose 6-phosphate, while its maximum velocity was only 60% that of the phosphorylated wild-type enzyme over a wide pH range. Furthermore, catalytic subunit-catalyzed in vitro phosphorylation of the Ser32-Ala mutant on Ser33 increased the Km for fructose 6-phosphate by 4-fold for the 6-phosphofructo-2-kinase. The results support the hypothesis that Ser32 is an important residue in the regulation of the activities of the bifunctional enzyme and that phosphorylation of Ser32 can be functionally substituted by aspartic acid. The results suggest a role for negative charge in the effect of phosphorylation.